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5, Detailed Plan of Procedure : 

Nickel, which is found in cigarettes, has been implicated 
as a causative agent in the smoking-lung cancer controversy. 
Many compounds of nickel are carcinogenic, Sunderman claims 
that nickel carbonyl is carcinogenic (Am, J. Clin* Path,, 

35, 203 (1961)); Clayson, D.B*, in his book "Chemical 
Carcinogenesis 1 ' (Boston 1 , Little , Brown 6 Cto., 19162), objects 
to this conclusion for only nine rats including controls 
survived in Sunderman 1 s experiment;. 

Hueper induced tumors at the site by parenterally 
administered metallic nickel or some nickel salts. His 
work is summarized in "Chemical Carcinogenesis and Cancers", 
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by Hueper, W. C., and Conway, W. D. (Springfield, Ill.., 
Charles C« Thomas Co., 1964). 

Furst (unpublished work) also induced tumors in rats 
by IM injections of either nickel powdter or organometallic 
nickel compounds suspended in a synthetic triglyceride 
trioctanoin medium. Furst also studied the effect of adding 
quantities of nickel CIO0OX) to cigarettes, and exposing 
; mice to the smoke of these nickel-enriched cigarettes. A 
.summary of the last project is enclosed. (See appended 
Progress Report.) . • 

Projects Proposed ,: 

a. A one-year project is proposed to study three phases 
j of this problem., 

I - Effect of Nickel-Enriched Cigarettes on the Induction 
‘ of Pulmonary Adenomas in Mice 
' ‘ We have shown that by exposing mice to smoke from 

rcigarettes enriched with nickel acetate (1000X the normal 
•nickel content) it is possible to induce tumors. At what 
: level' does this phenomenon disappear? We will repeat our 
experiments using less nickel per cigarette, in each group. 
Following the usual procedures of pharmacologists, we will 
decrease the nickel content geometrically. Thus we will 
repeat our work using values of 500 mg./cigarette, 250, and 1 
125 mg./cigarette... Ten mice per level will be used' at any 
one time and the experiments will be repeated 10 times, 
giving a total of 100 mice at any one level. Using these 
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data, we will plot: total tumors/level V£. level of 
■ nickel/cigarette. 

From the graph we can determine at what level the nickel 
is insignificant, and thus if the nickel contained in the 
cigarette can be considered harmful,. 

II - Effect of Nickel Carbonyl on the Induction of Lung 


Tumors in Mice 


Since Sunderman postulated that the nickel in the 
cigarette is converted to nickel carbonyl (NiCCO)^ during 
the process of smoking and that this compound is the carcino¬ 
gen, we will study the potential carcinogenic effect of 
NKCO)^ on mice. Mice will be exposed to various concentra¬ 
tions of nickel carbonyl. Because of the very low levels 
of this volatile liquid which must be used, we will augment 
1 our experiments with mice injected with subcarcinogenic 
levels of urethan. In the usual urethan experiments, animals 
are given I mg./gm. of body weight. In these experiments 
we will use 0.08 mg./gm., a value which has been found to 
be inactive. A combination of Ni(CO) 4 and subcarclnogenic 
levels of urethan will be used. We already have data for LD SQ 
of Ni(CO)^ and for the rate of appearance of tumors after 
urethan administration. 

We have also developed an ultramicro quantitative deter¬ 
mination of nickel. We will use this method to see if the 
animal excretes nickel after exposure to nickel carbonyl 1 .: 


Ill - The third phase will be an attempt to determine the 
nature of the nickel already present In the cigarette. 

We will also attempt to identify nickel carbonyl in 
cigarette smoke by the gas chromatographic method* 

Samples from raw tobacco and manufactured cigarettes will 
be used. 
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BUDGET (One Year) 


Personnel: 

\ ‘ Principal Investigator - A. Furst 

Biologist, M.S• (equiv,) - 100% $650kl2 

Laboratory Assistant, Part-time $250kI2 
Animal Helper, Part-time $175x12 

■ ' ; -Subtotal . 

University required fringe benefits, 12% 

■ ' Total Personnel 

- Supplies: ^ ; 

v Animals . v .- ; . . , 

-Chemicals • ‘ 

y,*'-' Travel; 

One trip to East Coast 
Partial payment - International Cancer 
Congress, Tokyo 


•. .,. Overhead: . 

University usually requires 30% overhead; 
. this project approved at 15%, 

v . - : v V; . ' • TOTAL 


$ 7,000 
3,000 
2 ,100 

$12,900 

- 1,548 

$14,1*48 



450 

400 

$17,098 


2,56 5 
$19,663 


Signatures : : ? 

Director of Project 

Business Officer 



Treasurer 


University Official 


Edmond J. Smyths 
Dean, College of Science 
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